Six bioactive substances have been isolated from the fruit extract of Dillenia indica L., including a triterpene lupeol (1), together with a mixture of -sitosterol (2a) and stigmasterol (2b), three flavonols, keamferide (3), dillenetin (4), quercetin (5), and -sitosterol-d-glucoside (6) . The structures of all isolated compounds were characterized by analysis of their spectroscopic data and by comparison with the reported value of the known compounds. The investigation of anti-xanthine oxidase activity shows that compounds 3, 4, and 5 were suitable xanthine oxidase inhibitors, with IC 50 value in the range of 0.56-1.44 mM. Moreover, a molecular docking study of a potent xanthine oxidase inhibitor was performed to find the binding mode of the inhibitors into the binding site of xanthine oxidase.
INTRODUCTION
Gout is an inflammatory, metabolic joint disease and characterized by the formation of monosodium urate crystals that accumulate in the synovial joints and other tissues. The prevalence of gout and hyperuricemia has been reported to be increasing worldwide. 1,2 Therefore, the use of xanthine oxidase inhibitors that block uric acid production is one of the therapeutic approaches to the treatment of gout. Xanthine oxidase (XO) is a fascinating target for rational drug design and mechanism-based inhibitors development because it plays a role in catalyzing hypoxanthine to xanthine metabolization and xanthine to uric acid approaches. XO inhibitors blocking the concluding step in uric acid biosynthesis can reduce the level of the plasma uric acid concentration and also are commonly applied for the treatment of gout. 3 Among commercially available XO inhibitors, allopurinol is the most effective approach to treat gouty arthritis. However, allopurinol is known to have limitations for clinical use due to their unfavorable sideeffects, including hypersensitivity reaction, renal toxicity, Steven-Johnson syndrome, and epidermal necrolysis. 4, 5 Consequently, the exploration for novel XO inhibitors with extra outstanding biological activity and fewer adverse side effects is aspired not only to manage gout but also to resist several other diseases correlated with the XO activity. The usage of biological substances is receiving recommenced interest as the possible source of new drugs in the exploration of new medications for the treatment of various diseases. 6 Natural products adapted from conventional therapeutic plants have continually FLAVONE ANALOGUES FROM Dillenia indica L.
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proffered an attractive probability for the evolution of novel medicinal agents. [7] [8] [9] Natural products provide high XO inhibitors that can be improved toward clinical products. 10 At present, the potential for the development of successful natural products for the managing of XO-linked diseases is still practically unknown. Continuing with the study of the medicinal plant from Thailand as a source of new secondary metabolites with a diverse grade of biological activities and the fact that there still is an excellent interested in finding novel and better XO inhibitors, which prompted us to screen the fruit of Dillenia indica L. (Dilleniaceae) for their XO inhibitory activities. D. indica (elephant apple) or Matad is a common evergreen tree that grows widely in tropical forests and uses as an integral part of the local recipe, which has more to it than just its taste and flavor. 11 The pharmacological activity was evaluated and showed that the leaves, bark, fruits or the various part of the D. Indica have high medicinal values. It possesses various activities like antimicrobial, antioxidant, analgesic, anti-inflammatory, dysentery, antidiabetic and central nervous system (CNS) depressant activity. [12] [13] [14] [15] In the present investigation, an endeavor was made to concentrate on the effectiveness of D. indica as anti-gout. The chemical constituents of D. indica were evaluated for their potential XO inhibitory activity. Subsequently, the in silico molecular docking study was launched to investigate the molecular interactions amid the active structures and target enzymes.
EXPERIMENTAL
General Procedure UV spectra were measured on a Perkin Elmer VICTOR Nivo. Attenuated total reflection infrared (ATR-FTIR) spectra were obtained on a Bruker TENSOR II FTIR spectrophotometer. 
Extraction and Isolation
The fresh fruits of D. indica were cleaned and cut into smaller pieces. The total amount of D. indica was 3.5 kg. The fruits were exhaustively extracted three times with acetone, each time for a week. The combined acetone extract was evaporated in vacuo by using the Büchi rotary evaporator at 45 o C gave the resulting as dark brown residue (213.4 g, 6.1%). The 41.4 g of acetone crude extract was fractionated by quick column chromatography (QCC) on silica gel column (silica gel 60 cat. No. 109385, 150 g) using a gradient of n-hexane-acetone (0-100%, stepwise). The fractions had been collected and checked via TLC on silica gel PF 254 . Fractions with spots displaying comparable profiles were mixed and gave 10 broad fractions. subjected to column chromatography (silica gel 60 cat. No. 7729) employing a gradient of n-hexane and acetone, which resulted in 9 subfractions. Subfraction 2.2 was proved to be a compound 1 (39.7 mg, lupeol, 0.09%). In addition, subfraction 2.5 was found to be a mixture of 2 (30.1 mg, -sitosterol and stigmasterol, 0.07%). Fraction 3 (2.67 g) becomes purified through CC on silica gel (cat. No. 109385) and eluted with a gradient of n-hexane-acetone to give 7 subfractions. Subfraction 3.4 was further filtered and rinsed with cool hexane AR grade to provide a yellow solid of 3 (1.05 g, kaempferide, 2.53%). Fraction 4 (475.3 mg) was also isolated by CC over silica gel (cat. No. 109385), applying a gradient of acetone-n-hexane to afford seven subfractions. The purification of subfraction 4.4 (209.8 mg) was performed by CC over silica gel (cat. No. 107729) to give compound 4 (dillenetin), which was recrystallized from CH 2 Cl 2 -MeOH (10-90) to obtain as yellow needles (55.7 mg, dillenetin, 0.13%). The isolation process of fraction 6 (2.13 g) was accomplished by a silica gel (cat. No. 109385) column eluted with the gradient system of n-hexane-acetone to give nine subfractions. The subfractions 6.5 was purified by recrystallization using CH 2 Cl 2 -MeOH (90-10) as a solvent to obtain as yellow needles compounds 5 (935.7 mg, quercetin, 2.66%). The fraction 9 (1.93 g) was separated by the CC method on silica gel and using a gradient of CH 2 Cl 2 -MeOH as the mobile phase to give 7 subfractions. Compound 6 was obtained as white solid by washing the subfraction 9.5 with cold dichloromethane (23.2 mg, -sitosterol-dglucoside, 0.05%). 
In vitro Xanthine Oxidase Inhibitory Activity
The xanthine oxidase inhibitory activity of the isolated compounds was investigated applying the Niu's method employing negligible modification. 25 The bioassay mixture comprises of 10 L of the test compound (18.75, 37.5, 75.0, 150.0, 300.0 and 600.0 μg/mL), 180.0 L of phosphate buffer (pH 7.5) and 10 L of 0.06 mM xanthine solution (in phosphate buffer, pH 7.5). The enzymatic reaction was started by adding 10 L of 0.4 units/mL XO enzyme solution (in phosphate buffer, pH 7.5), which was provided promptly before use by diluting from a stock enzyme solution into the buffer solution. The final mixture process became incubated at 37ºC for 30 min. In the final step, 10 mL of 0.5 M HCl was applied for termination of the enzyme reaction prior to the absorbance measurement. For blank assays, a blank was assembled in an identical manner but adding 0.5 M HCl before enzyme. The absorbance was read at 295 nm in the microplate reader (Victor Nivo multimode microplate reader Perkin Elmer). All enzyme tests have been conducted in triplicate. Allopurinol, known as XO inhibitory agent (TCI, Tokyo, Japan) concentration of 5-100 μg/mL was used as the standard. The results were considered as percentage inhibition which was calculated by the use of the following equation:
Where A s is the absorbance value of the test substance, and A c is the control absorbance value. The % XO inhibition was plotted against the extract concentration, and the IC 50 values were obtained from the graph.
Statistical Analysis
For statistical analysis, the consequences of anti-XO activity had been expressed as a mean ± SD. The IC 50 values had been calculated the use of the Microsoft Excel program (2016).
Computational Studies
The three-dimensional coordinates of the bovine XO enzyme (Protein Data Bank, PDB ID code: 1FIQ, Resolution = 2.5 Å) were acquired from the Protein Data Bank (PDB). 26 The obtained protein structure (1FIQ) was prepared for molecular docking by removing of salicylic acid and water molecules from its crystal structure. Besides, the preparation of protein was achieved by AutoDock Tools (ver 1.5.4) using default parameters and subsequently saved as the pdbqt file. 27 The structure of selected molecules was drawn by using ACD/ChemSketch Freeware from the ACD/Labs software package and then converted into 3D structures by ACD/3D Viewer Freeware (same program package). 28 The ligands were optimized at Hartree-Fock with basis set 3-21G level of calculation using Gaussian 03 packages, which is then converted to mol2 file format using GaussView 3.0 software. 29 All optimized ligands were processed to pdbqt file format by AutoDock Tools. The ligands were docked into the binding site of XO using fixed at 150. The maximum number of energy evaluation was applied to 2500000. The grid-box dimensions were assigned as 100, 100 and 100 Å (x, y and z). The spacing between grid points was 0.375 Å. The grid box centered was fixed at 33.836 (x), 8.227 (y) and 30.991 (z). The lowest energy cluster rendered by AutoDock for the compound was adopted for further investigation. All other parameters were controlled at their default settings. All molecular images of docking results have generated by the usage of the Discovery Studio 3.1 Client (ver. 3.1.1.11157, Accelrys Software Inc., San Diego, CA, USA). Docking method validation was achieved by redocking the primary ligand receptor on the active site. The docking validation approach was assessed form on the value root-mean-square deviation (RMSD) furthermore indicated effective if a particular value of RMSD smaller than 3.5 Å. 30 
RESULTS AND DISCUSSION
The chromatographic isolation of the acetone extracts of the fruit of D. indica yielded six compounds (compound 1-6, Fig.-1) . The structures of separated compounds were ascertained via significant NMR spectral analysis as well as by similarity of their spectral information with previously reported values. 
Structural Elucidation
Compound 1 was attained as a white amorphous solid and produced purple color with anisaldehydesulphuric acid on TLC. The 1 H-NMR spectrum of the compound 1 revealed signals of isopropenyl, which included vinylic proton at  4.54 (1H, br s) and 4.66 (1H, br s), and the methyl signal of isopropenyl at  1.65 (3H, s). The carbinol proton signal at  3.16 (1H, dd, J = 10.8, 5.2 Hz) was detected. The resonance signals of methyl groups at 0.73, 0.78, 0.80, 0.92, 0.94 and 1.00 ppm exhibited six tertiary methyl singlets. The data were in agreement with those detailed for a pentacyclic triterpenoid lupeol. 18 The evaluation of its physical and spectral information with published values revealed that compound 1 as lupeol (1). Compound 2 was found as a white amorphous solid and detected as a purple spot by spraying anisaldehyde-sulphuric acid with the R f value of 0.42 (5% EtOAc-CH 2 Cl 2 ). Its ATR-FTIR spectrum exhibited hydroxyl at 3371 cm -1 and exomethylene at 1462 cm -1 . The HR-APCI-TOFMS spectrum confirmed the pseudo-molecular ion (positive ion mode) at m/z 415.3951 corresponding to C 29 H 50 O+H. are were entirely consistent with a mixture of -sitosterol and stigmasterol (2) . Parallelization of these data with published data proved the identification of compound 2 as a mixture of -sitosterol and stigmasterol (2) . 24 NMR spectroscopic data of compounds 3, 4, and 5 revealed that they all showed a typical flavonol pattern consisting of two phenyl rings (A and B) and conjugated -pyrone (C) ( indicating the presence of two methoxy groups. The 13 C-NMR spectral information of compound 4 contained 17 major signals attributable to five methines, ten quaternaries, and two methyl carbons, which were designated by the HMQC and HMBC spectra of compound 4 along with a comparison with the relevant literature. 22 From this evidence, compound 4 was suggested to be dillenetin (4). Compound 5 was obtained as yellow needles and produced orange color with anisaldehyde-sulphuric acid on TLC with R f value 0.42 (30% acetone-hexane). The molecular formula of compound 5 was analyzed as C 15 H 10 O 7 by the HR-ESI-TOFMS m/z: 303.0503 [M+H] . The infrared spectrum presented the presence of hydroxy groups at 3381 cm -1 , conjugated -pyrone at 1660 cm -1, and benzene ring at 1600 cm -1 . The UV absorption maxima in MeOH at 247, 260, 297, 359 and 394 nm were found to belong to a flavonoid skeleton. The 1 H-NMR data of the compound 5 shown two sets of signals. The meta-located protons signal at δ 6.26 (d, J = 0.8 Hz, H-6) and δ 6.52 (d, J = 0.8 Hz, H-8) were observed. Other sets of three protons in an ortho-meta coupled arrangement corresponding to a trisubstituted aromatic ring were also observed at 7.82 (dd, J = 6.8, 2 Hz, H-2´), 7.76 (dd, J = 6.8, 2 Hz, H-6´) and 7.00 (d, J = 6.8 Hz, H-5´). The 13 C-NMR and the DEPT spectra of compound 5 revealed the presence of 15 aromatic carbon atoms out of which ten are quaternary, and five are olefinic carbon signals. The downfield signal at 175.9 ppm was due to the carbonyl group at C-4. The preceding spectral analysis and similarity with the reported data pointed to the proposed structure of compound 5 as quercetin (5) . 22 Compound 6 ,) . The protons corresponding to d-glucose moiety showed the peaks in the range of  4.42-3.43 ppm. Thus, from all the above spectral data, the structure of compound 6
is assigned as -sitosterol-d-glucoside (6) . In vitro Xanthine Oxidase Inhibitory Activity The concentration-dependent inhibitory activity of XO was evaluated for all isolated compounds. The XO inhibition resulted in a reduced uric acid production, which was measured spectroscopically at 517 nm, and their inhibitory activities were shown in Table- 2. Allopurinol (XO enzyme inhibitor) was used as a reference for positive control in this assay with an IC 50 value of 0.12 ± 0.01 mM. Among the isolated compounds, quercetin was found to possess the highest activity (IC 50 0.56 ± 0.11 mM). The activity of quercetin was found to be 4-folds lower than the standard, allopurinol. Kaempferide and dillenetin showed lesser activity with an IC 50 value of 1.44 ± 0.04 and 0.76 ± 0.17 mM, respectively. Whereas all other isolated compounds were inactive (inactive at 600 μg/mL). Our findings are consistent with previous reports, which indicated that flavonols were xanthine oxidase inhibitors. 31, 32 Regarding XO inhibitory activity, all obtained flavonols were decided on further in silico molecular docking studies. -Sitosterol-d-glucoside (6) Inactive b Allopurinol c 0.12 ± 0.01 a Results are displayed as means of IC 50 values in mM, and the data were retrieved from triplicate tested. b Inactive at 600 μg/mL (highest concentration tested). c Standard used for the assay.
In silico Docking Studies
The binding interaction among the chosen compounds and XO enzyme (1FIQ) was analyzed by in silico molecular docking studies. A docking experiment was carried out using AutoDock docking software to explain the mode of interaction between the binding sites of the XO enzyme and the isolated phenolic compounds. In order to verify the efficacy of the applied docking parameters, the cocrystallized ligand salicylic acid was redocked toward the active site of XO, and the root-mean-square deviation (RMSD) was 0.88 Å guaranteed the validity of the docking procedure. All the isolated flavonols were used to dock studies with the 1FIQ. The results of molecular docking were summarized in Table- 3. The picture of 2D and 3D docking results of the best conformer were manifested in Fig.-2 . Based on the interaction of AutoDock, the result was analyzed. All three isolated flavonols (3, 4 and 5) showed a similar mode of interactions. The molecular docking investigation confirmed that 3, 4 and 5 were substantially positioned within the salicylic acid XO enzyme's active site. The minimum binding energies of 3, 4 and 5 were -11.38, -10.54 and -11.59 kcal mol -1 , respectively. These results are consistent with the results obtained on in vitro XO inhibition assays. All compounds were enclosed by particular amino acids (Glu802, Arg880 and Glu1261), which were defined as catalytic residues of XO. 33 The bestrankings docked structure of the most potent compound 5 clarified that the compound possesses six hydrogen bonds and one - interactions with the active site. The hydroxyl groups connected to the A ring of the compound created hydrogen bonds interaction, including Glu802, Arg880, Ala1079 and Glu1261. One hydrogen bond among the ring B hydroxyl groups of the compound and Ser876 was similarly inspected. Moreover, a - interactions connecting the compound and the active site residues (Phe914) was also discovered. The greatest activity of compound 5 may be due to the occurrence of hydroxyl groups connected to ring B. Both the hydroxyl groups are involved in bonding. The presence of hydroxyl groups makes the molecule more polar and promote compound 5 to make particular interactions with XO active site.
Five hydrogen bonds and two - interactions with crucial active site residues were observed in the second most active compound (Dillenetin (4)) in the sequence. Ser876 interacted with the methoxy group of the compound. Compound 4, however, was significantly less active than compound 5, due to the lack of contact between the hydroxyl groups at ring B and the active residue site.
In the case of kaempferide (3), five hydrogen bonds were observed with the important residues of the active site. Phe914 was found in - interaction with A ring moiety of the compound 3. However, kaempferide (3) displayed lower activity than quercetin (5) due to the absence of the C-3 hydroxyl group. flavonols, 3, 4 and 5, with IC 50 values of 1.44 ± 0.04 mM, 0.56 ± 0.11 mM and 0.76 ± 0.17 mM, respectively, showed good XO inhibitory activity almost identical to allopurinol standard drug. (IC 50 , 0.12 ± 0.01 mM). In addition, the molecular modeling study of the potent compound 3, 4 and 5 indicated that XO accommodated them, nicely. In order to develop potential chemical entities for clinical use in the prevention and treatment of gout, further investigations on the above compounds and in vivo studies are necessary.
